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INTRODUCT I ON 
This study is based on the thesis "Measurements of 
the Eye During Orthokeratology''. The primary purpo�e of 
that study essentially was to assess the mode of action 
or mechanism whereby orthokeratology takes place. 
The reduction of myopia through programmed application 
of contact lenses could be achieved through manipulation 
of any of a number of variables. Heretofore there was 
no systematic study that could reveal just which of these 
variables are changing and by how much during orthokeratology. 
These variables include: corneal radius , corneal thickness, 
anterior chamber depth , axial length of the globe , radius 
of anterior crystalline lens surface, and radius of posterior 
lens surface. Data pertaining to all of these variables 
was gathered. 
In order to quantify how the myopia reduction was pro­
gressing a standard optometric objective and subjective test 
battery was done at each session during that study. A 7 a  
complex including retinoscopy was performed on contact 
lens patients with lenses on. Then all patients were tested 
with the following sequence of tests: retinoscopy; monocular 
red/green; monocular J.C. C. ; 20/25 equilization; monocular, 
binocular #7; monocular, binocular #7a; binocular red/green 
at far; binocular cross cylinder at far; 14B at near and 
21 binocular at near , all with lenses off. 
It will be the purpose of this supplementary study to 
determine which of the above refractive procedures is the 
- 2 -
most internally consistent and reliable indicator of the 
patients refractive error. 
Central anterior corneal curvature was measured in the 
project by the B & L Keratometer , the AO Ophthalmometer, 
and the PEK. The second objective of this thesi� will 
be to evaluate data taken on each patient from each of 
these three instruments in order to determine which was 
the most internally consistent and reliable. 
- 3 -
RESULTS AND CONCLUSIONS 
The data for refractive tests #4@180, #4@90, #7@180, 
#7@90, #7a@ 1so, #7a@90, 7RG@l80, 7RG@90, 7cc@l80, 7cc@90, 
21BO, 21R, and 14B was punched onto computer cards and 
through a program which computed mean, standard deviation, 
correlation coefficients, graphed scatter pldts, etc. for 
all of the variables in the study. 
The tables on the following pages show the values for 
the correlation coefficients and the standard deviations and 
variances for the variables considered in the study . It 
can be seen that most of the tests are· correlated pretty 
highly as one would expect, with exception of the 21BO, 
and 21R, and 14B. These correlated highly with each other, 
but poorly with the other refractive tests� 
The explanation for.the poor coorelation between 21BO, 
21R, and. 14B and the other tests is that the values record�d 
for these tests were converted to net values instead of 
representing the gross re�ractor values which mjy have 
correlated fairly well . (see table 1) 
The table on the following page (table 2)  shows the 
standard deviations and variances of the various· refractive 
tests and is broken down into orthokeratology, spectacle 
control, and contact lens control groups. The values 
listed in the table are standard deviations and variances 
computed taking into account all of the values for the 
refractive tests for all of the subjects in each group for 
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The purpose of this part of the study was to use the 
standard deviation and variances of the different variables 
to find out which of the refractive tests was the most 
internally consistent or had the best repeatability. 
The dispersion of the data which cause a high or low 
value for the standard deviation, however, is influenced 
not only by the reliability or repeatability of the test 
procedure itself, but also by any changes which may occur 
in the subject over time . 
For example , if we found a high value for the standard 
deviation on a particular refractive test on a subject in 
the.orthokeratology group, that high value would not 
necessarily indicate that that test was a poor one since 
it was inconsistent with itself from week to week, but 
instead could reflect a change in the degree of myopia due 
to the orthokeratology procedure. 
It; 
It seems evident, then , that there is a second component 
to the total variability. The first component being a vari­
ability due to the inaccuracy or nonrepeatability of the . . 
test procedure itself tthis is what we are trying to mea�ure) 
.and the second component being a· variability induced by 
changes in the quantity we are meas�ring over time. 
The second component of the variability may not interfere 
with our measurement too much if we look at the -standard 
deviations and variances within groups. In the orthokeratology 
group , for example, although changes may well occur over 
the period of the 2 7  weeks of the study due to myopia 
,_, 
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reduction, the variability introduced by these changes 
should effect all of the refractive tests within the group 
equally, so that this source of variability should have 
a tendency.to cancel 6ut. Nevertheless, in order to 
eliminate the element of time as a source of variability, 
a series of graphs (pages 7-12 plotted the standard deviation• 
of the subjects in each group as. a function of time for 
the tests #7@180, 7a@l80, 7RG�l80, 7cc@l80, #7@90, 7a@90, 
7RG@90, 7cc@90. 
On the graphs each black dot r�presents the value for 
the standard deviation for the group for a particular week. 
The blue point in the center denotes the mean of all the standard 
deviations. The various refractive tests are shown on the 
X axis with the small number at the bottom of each test 
depicting the dispersion of points for that test. (Actually 
the standard deviation of the standard deviations. ) 
A third potential contributor to the overall variability 
is present and should be recognized if a comparison is to 
be made across groups. This is the inherent amount 0£ 
variabili�y within the group itself. That is to say, we 
cannot simply compare the 7 a@l80.finding in the orthoker-
atology group with the Ja@lBO finding in the spectacle 
control group and attribute the difference in their 
p 
variances, for example , to myopia reduction which occurred 
in the orthokeratology group� It may instead reflect 
the fact that the orthokeratology group contained a 
wider dispersion of refractive errors than the spectacle 
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Since th� tests 21BO, 21R, and 14B measure a different 
quantity than the other refractive tests we considered, 
it is possible that their distribution or variability 
could be less than the variability of those tests repre­
senting the value for the £ar point refraction. A look 
at table 2 which shows that the smallest standard deviation 
or variance occurred for these variables which we have 
previously found to be correlated rathe� poorly with the 
other tests leads us to this conclusiori. 
With reference to the remaining refractive tests; 
#4@180, #4@90, #7@180, #7@90, 7a@90, 7RG@l80, 7RG@90, 
7cc@l801 7cc@90, 7a@l80; theie is a test which seems to have 
a consistently lower standard deviation than any of its fellows 
as we scan across from group to group. 
The second part of this thesis concerns itself with 
the measurement of central corneal curvature during the 
orthokeratology study and a comparison of the "corneal 
K's" as measured with the ophthalmometer, keratometer, and 
PEK. The data once again was punched onto cards and 
processed by a computer which calculated correlation, co­
efficients, standard deviations, .means, scatter plots, etc. 
for all of the variables in the study. 
Table 3 summarizes the correlation coefficients between 
the various instruments in the 90th and 180th meridians. 
The data shows that measurements obtained with the three 
different instruments all correlate very highly in both 
meridians. (It would be more accurate to say in the two 
prin�ip�e meridians since the corneal data was not taken 










pr;l. e 1;0 
1° £.k (11 �io 
9 
'�hfh@.. I SO 
• C?/ .("'J 
,· \..[., 7 
c:.��-r.� '� 90 /<erPf � J 30 .kt:.r�;-f� 90 
� .� Q • '-/ ·'.t> I 
X. / .  






.. I. . . ·-�=· - ' --- ·-..:-�.:..-=o;o�;;,;r.""""'==--=-
·� !·-···-·- -'="'-� J 
""'"'· 
�-j · l I I






,, I ·; / 
. PEJ e 180 _;:;,_-=,'. .:':/ CfO 





• i_.f .-',., 7 
. ""' ...  _ 
47·7 -r � ,· I 







,,., 7 !,/ - I · I l ___ _ - -�····�-- - ' . "" .l __ L ___ __  _ 





:;) �--(" � 
·�· <r f Q:'. 
(_ 
� ti t t:::i � 
(' 
\.. (._ 0 0 '-j. ...., 
v'\ IJ tJ: ... i:: ) 
� r-
<:; 5 L- v \j 0 l c_ 
'J . -l .1·' l ·� / (' () ' 
1::-.crJ.;..t. �/ IED 
• 30'7 ., ....  , • ::i :)
--- --------·--.... ---...  -. .  --
. 19'7 
. ;:: 1 () 
-- ------�--
.l....------- -r------------1- ----






�- -------�1----- ---- -Ji----------, 
.172 • I Y 1 
.___----�-- - -·----"- ----
• 30/ ') .... ·7-...... ::'> I<"\ t ... ,,..._ '  
.1; 7· o:i {'". o·. ._,,, C.. «-. (, 
!------�- ----· --·--· ---- __ _____ _ __, 
'/;.' (., (i! t�:o. • 19 '7 
-4 r7 __ i.,� CtO ·�·-
'--��----�--- ----·---�---· ---+-�------ 1 
. ;:'{,() \ - \ 
.�q3 ·�51 I 
i------·-- -L-- --�--�- ----"---- -=·""�·-·! 
• {�3 ll .:?.�I .�s� ) i 
1---- -r 
-- ----�---·- 1 
'7,«,.2,·10 .�1,,7 I .. ;c<;?,- ·'IOS I 
1-- ------ ---r-�-- ----� '-�----------ii 
· t l ,; t;:� c.I D 1--7 ,.., --- I • '-I 73 
I 
I . · 3 o f 
I 
.. 3C, 7 
I 
op/,"� l�O I - . 3 '.::_ _ _ J�_ �-� :_4·------ �---· -l _Y o ------------; � I . 
0 ('�-'fL t�� e:ro I . 3 I � I . :� •'* -1 • I L/ c1 I 
I I J _J - I - - , -- .
!::-_ crt� l£>i !BrJ ... 
___
 
._�_s_- -_� ___ l 
___ � :_· ' ·_:i _  � 1------+-I _:�1 
I l ' I I 
-- ---- i -. ' 
, I 3 (,I j 
I 
.. , . · ·�<ef:;v tt;o -
·I- ' ·1 , .. ·-;' -::-� ,--· � r� .... _.,_ rt'*' 
r , , ,.?.-n:.; �-fO ' • \. ' "' - �, I 
SUMMARY TABLE.(STANDARD DEVIATIONS OF STANDARD DEVIATIONS) 
- 1 6 -
We can conclude that for the purpose of obtaining � 
radius of central corneal curvature from the standpoint 
of accuracy it makes little difference whether a keratometer, 
ophthalmometer, or PEK is used, since, the correlation 
between them is so high. 
The final table ltable 4) gives the values for 
standard deviations and variances separated into the 
three different groups of spectacle control, orthokeratology, 
and contact lens control. A look at the orthokeratology 
shows a marked difference between the standard deviation 
for the 90th and 180th meridians, .the vertical meridian 
showing a higher value. 
Compare this with the spectacle control data in which­
the greatest variability clearly occurs in the 180th meridian 
findings. Similarly, the lBOth meridian findings are slightly 
more variable, but to a much smaller extent in the contact 
lens control group. 
It would be possible to interpret the orthokeratology 
data in table 4 to show that the process of orthokeratology 
produces a greater curvature change in the vertical meridian 
of the eye than in the horizontal meridian. Kerns, however, 
found just the opposite effect in his orthokeratology 
study.1 They found that the horizontal meridian tends 
to flat ten while the vertical meridian remains fairly 
constant or steepens slightly. 
The value for the standard deviation can be composed 
of a number of different kinds of variabilities as we 
L - 17 -
L 
saw before. It might represent a change induced by 
orthokeratology showing that the vertical meridian changes 
more than the horizontal or it could simply mean that 
the subjects in the orthokeratology group had a greater 
variability in the vertical meridian than they had in the 
horizontal to begin with. 
The primary objective here was to look at the magnitude 
of the standard deviations as taken with the different 
instruments to see if one was more reliable than the 
others. The table shows the magnitudes of these values 
to be comparable. Once again as in the case cf the 
refractive data ih order to monitor or eliminate time 
as an element of variability, graphs of standard deviation 
over weeks were plotted. (pages 19- 21) 
The blue dots on the graphs representinq the means 
for each of the tests are connected so that any differences 
between them in 180th (solid line) or 90th meridian (dotted 
line) are seen as a departure from horizontal. The 
differences between these three determiners of central 
corneal curvature were found to be inconsequential. 
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